Biodegradable poly(ethylenimine) for plasmid DNA delivery.
Poly(ethylenimine) (PEI) has been known as an efficient gene carrier with the highest cationic charge potential. High transfection efficiency of PEI, along with its cytotoxicity, strongly depends on the molecular weight. Synthesis of cationic copolymers derived from the low molecular weight of PEI and hydrophilic poly(ethylene glycol) (PEG), which are water soluble and degradable under physiological conditions, was investigated for plasmid delivery. Hydrophilic PEG is expected to reduce the toxicity of the copolymer, improve the poor solubility of the PEI and DNA complexes, and help to introduce degradable bonds by reaction with the primary amines in the PEI. Considering the dependence of transfection efficiency and cytotoxicity on the molecular weight of the PEI, high transfection efficiency is expected from an increased molecular weight of the copolymer and low cytotoxicity from the introduction of PEG and the degradation of the copolymer into low molecular weight PEIs. Reaction conditions were carefully controlled to produce water soluble copolymers. Results from a gel retardation assay and zetapotentiometer indicated that complete neutralization of the complexes was achieved at the charge ratios of copolymer/pSV-beta-gal plasmid from 0.8 to 1.0 with the mean particle size of the polyplexes ranging from 129.8+/-0.9 to 151.8+/-3.4 nm. In vitro transfection efficiency of the synthesized copolymer increased up to three times higher than that of starting low molecular weight PEI, while the cell viability was maintained over 80%.